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*>7ll^ AflS^ ^^-ar^^l ^1^*>J1, oil- ol-g-^H ^£^1 f^^> ^12:^1- 
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^^^^1 ^^1 ^ «^l-§-t]: ^£^1 #1!: {Siloxane-based Resin and 

Semi conductive Inter layer Insulating Film Using the Same} 

<2> ^7}^d\] ^7.}^ A^^^ HflA] ^^ofl afl^'^l^i^ 

^S.^ :=Hl3,615,272 , 4.399,266 , 4,756,977 ^ 4.999,397^<^1 7]^2] 7] 

^^^^ (Chemical Vapor Deposition)^ ^]-%-^ -B"^^ 4.00^ Si02 tfl^Oo]] SODCSpin on 
Deposit ion) 7}^^ -^^^ 2.5-3.1 ^^H^ l-el^Afli^^<:l-(Polysi Isesquioxane)^ ^]-§- 

1:^ n]^^5l ^13.615,272^011^ ^^dl^^^ 7l-^^«ll Dll7lll- ^oll^i H5l#SS-^^ 

^ 7>=^^^S|lt!- ^, 4^^11- # A-ll^BrV^ ^;^11- i^3r>^ ^^oil 

^O.^ ^^§1 ^H^^^ >^;^lo^ ;HlS«J-^ol 7]\^]^0] S^l"^. Ht!- ^1^^^ ^1 

5,010,159^011^ ^^V^^^^V 71-^^*11 o)l7ll# ^ollA-1 ^l-o]:^^ 7|.^«.^]]3r].o^ 
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D]^^©! ;5ll6,232,424^<^l^i^ S-i^i^^S. Efl e E}.^^Al^^(tetraalkoxysi lane) , -^7]^^ 
(organosilane) ^ -n-7lH&|'a:^'^l^?t(organotrialkoxysi lane)^. 1-4 ^l-§-*]-<=^ 

-^^^-§-^175^ (solution stability)^! ^^M-i ^ ^s1^ ^^1 ^ ^1 

^ 7llAlsl-^cf. ^l6,000,339^<^l^i^ #e1-^pHl tfl^ ^-I^J"^^ ^ 

#^^2^ 7fl^, nelJi ^^^^ ^^^S. 'y:^Al^?3:(alkoxysilane), ^±7} f--^-^ 

^yr^'^l^tbC fluorine-containing alkoxysi lane) , ^ '^r^'^^^l^^Calkylalkoxysi lane) ^<H1 
2.^1^:^51- B]Bl-^(Ti) SE^ ^l=^^(Zr) *y:^Al:B(alkoxide) ^ofll- o] 

-g-^>'=«^ ^-§-^1^ ^ein^l (silica-based) 7^^]^}%^:^. ^^l^^^ ;^l5,853,808^<HlAi 

^ yVn^oflA^ Si02^ f-^-i- ^^c^ -H-7l^^(organosilane)2l p ^^lo]] cfs. ^ 

^ ^-§-^^7] (reactive group)7> ^1^^ <^l-§-^>«^ ^S^^^ (siloxane), -^^il^ 

^l^^(silsesquioxane)^l ^ ^1* S^^^-i: 7]\^]^3X'=\. -R-^^^ ^1 0 

997 497 Al <H1>H^ 7H S.ii<^^Al^^ (monoalkoxysi lanes) , i^'^^-*-!^^ 

(di alkoxysi lanes). (trialkoxysi lanes) , tflBel-'y:^^!^?^: 

(tetraalkoxysi lanes) ^ S.sl'y:^^!^^ i=f^H (trialkoxysi lane dimers) ^y:^-^!^?]: 
(alkoxysi lane) ^-^l"!-^ S^'Hl 7>^^«fl ^ aV-g-S] ^i-H^- ^o^b^-o.^ 
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<4> 



^ A^^^ ^iq^ ^1^*>ji, oil- av:£^i ^^^^ ^^^<^1 ^-§-*M 

-B-^^^ ^£^1 f^^> t}:i=1-. 



<5> 



ol-g-^H 7>^^«]l ^ yV-i-^lT^ ^]2,B\^ ^^^VTfl ^Xjo]] ^ojcf. 



<6> 1] 



<7> 



R. 
I 

■Si ( 

I 

CH2(CH2)mSiXiX2X3 



<8> ^7] ^oflA^ Yii-B: ^^^7^, Ci-CaS] <y:^a7l Ce-CisS] c>^7lolJl, Xi. X2, 

z^z]- ^-^^o.^ Ci-Cs^ <^^^7l, Ci~ Cio^ <y:^^l7l. £^ , ^7] Xi, Xg. 

Xs ^ 3^ol£ *>M-^ 7>4^^^1]7>^f]: ^-g-7lolB^, 0-10^ ^^^1^, 3-8^ 

<9> [^^^ 2] 



<10> 



R2 



X,— Si— 0-- Si— 0 -- Si— X4 



Y, 



I 

R2 



I 

Y, 
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<11> ^1-71 ^o\]A^ Z]-Z^ ^^^0.5. =^^:t^^>, Ci~C3^ '^^^^7] C6~Ci5^ <^>^7lol 

31, X4^ Ci~Cio^ ^^^l7lolT3^, Yi^ Ci~ Cs^ <y:^.7l IL^ Ci~Cio^ <^^Al7lo]ji, 0 
1-10^1 ^^o]cf. 



<i4> o]b:H^-1 ^ tfl^M ^^-fl^VTil ^^^4. 

<15> ^ ^^<H1>H^ ^>7l IS. S^lsl^ «^(Cyclic)^Sl- 7>^m ^^-ar^^l 

e>7] 2^ a^lslfe (Linear) ^^<i7ll Si^^l- ^^^^^1?^ -H"^^ 3.0 o]^ 

<i6> [^^^ u 

R, 

r ' -1 

I Si O 1 

L I 

CH2(CH2)inSiXlX2X3 



^7] <b1<^lAi Ri^ Ci~C3^ '&^7l C6~Ci5^ o>^7lolji, Xi, Xg, Xa^ 

^-^^o.^ Ci-CaS] M7l, Ci~ Cio^ ^^^l7l, ^s^€^>^^i. ^.J-71 Xi, X2, 
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X3 ^ ^c>]S. ^VM-^ 7>^^tfl7>^tt ^-g-7lolH, 0-102^ ;^^^oljL, 3~8^ ^^ojc]- 



<18> [^^^ 21 



I 

Y, 



f 



X,— Si — O Si— O — Si — X4 



I 

Y, 



<19> 



JL, X4^ Ci~Cio^ "3:^^171011^, Yi^ Ci~ <^^^7l S.^ Ci~Cio^ ^^^^]7]o]jL, 0 

1-10^^ ^^^]^. 



<20> 



1:99-99:1 S. *]:t:l-. 



<21> 



^7l ^^^a:;^! ^;^1 :^]^^] A>-g-s)^ a}. ^7] ^nfl^^ ^a). (hydrochloric 



acid), ^^(nitric acid), ^^■'ttC benzene sulfonic acid), ^-^^^(oxalic acid), S. 

#-tl:(formic acid), ^^5l-^#(potassium hydroxide) , (sodium hydroxide), H 

elo)]^o>ni(triethylamine), ^-tlr^dtiM-B^ (sodium bicarbonate), 5^1 el^(pyridine) ^} 
9X^- ^7l S.iiD]oil tHtl: ^^^^ l-(mol)wl7l- 1:0.000001- 1: 107> 



<22> 



-^71 7l-^^«llti]:-§- ^ ^^«]:-§-«^1 ^7l-£l^ #^ 2.i^T:»loil cfltV #31 s.(n,ol)Ul7]- 



1:1-1:1000^1 ^■91'Hl^i 1=1-. 
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<23> -^^<^7ll Sj-a-Chexane) its^-^^i -g-nKaliphatic 

hydrocarbon solvent); <^]-M#(anisol ) , ^^(mesitylene) , a^€(xylene) 
^Sl-^±. -§-nl] (aromatic hydrocarbon solvent); <='14i-t-^ ?fl^(methyl isobutyl ketone), 

l-i^l^-2-3il*5li:qie(l-methyl-2-pyrrolidinone), ^^Hl^C acetone) ^]^^] ^"11 

(ketone-based solvent); -^1 s-SSj-J^K^Ccyclohexanone) , EllHs|-*l:E.S^^(tetrahydrofuran) , 
ojai^S-^ <HlEfls. (isopropyl ether) <HlBfl=.;^l -g-ffl( ether-based solvent); <^1^ 

<ilH (ethyl acetate), -^^ o>Ai]Eflo]E( butyl acetate), ^S.^^ #Bl§ nj]^ <Hltfl=. <^HlEfl 
olH(propylene glycol methyl ether acetate) «^HlEfl<^lB;^l -§-^1] (acetate-based 
solvent); = '&^#( isopropyl alcohol), -^^ •y:^#(butyl alcohol) 
-S-ofl (alcohol -based solvent); clT^l^<il-'HlH<5MJE (dimethylacetamide) , ^l€3E.#<^>olH. 
(dimethyl formamide) o>u1:b;^1 ^nfl ; -^s^^;^! -g-ofl (si 1 icon-based solvent); oil: 

<24> ^-^^Ir-g-ollAi ^S.^ 0~200*C, w>^3i^>7fl^ 50~1101C^ ^^S, ^-§-^1:^^ 0.1^]^ 
~ 100^1 «>^31b:]-711^ 5-48^1^0.^ S^tb^. 

<25> -^M'^l^i ^IS^ ^^1^ ^^^Tt ^^>%=ol 3.000-300,000^ "^^A ^1 

S€ n^^l^ ^^1 ^^7] # Si -OR ^^ol 5% ol^^ol S)^ ^o] i3]-^3j3r>4. 



^ ^^^«=H1A-1^ ^7]s^ ^^^n -8-nfloll ^c^^^^ 71:^ ^oil ^^tt ^, ^^^1^^ 

^£^■11 ^S^^^ ;^1S^>^ ^J-*^* <^1^7fl ^IS^ WVn^^ 0.^0. 3 Q o]5:>o^ 
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<27> ol§ ^cf ^Ml3r>7ll ^^*>^, -§-^^ ^^^^1 7]^^^^] 3.^^ ^ 

^^ofl :r:#Al7l^ ^4- c^.^ ^7] , ^ S)- ^ ^7] ^:^lol]/>-l ^-g-^V^j 
200 °C ol^><^lAi oT:§].;.|l 7>1*>^ ^2). f^^ofl ^^t!" n^^^ >^>-^*><^ 71:^^3.-^ t| 

-g-°m ^^^1?^ ^^1 ^^1 7]^^^o\] ^^^7]] tb^. Cf^o.^ o] nV^ 1-150^ ^ 

91 150~600°C, wj-^^^l-Tfl^ 200~450°C^ -Sr^S. '^^^■^]^ ^lo] ^-§-^^ 5Z)nv^ ^ 

^^^mcf. ^^^^I 2lBVo]^ 1000«MS^ ^<y:-^S. 1- ^ 

^#51^1 ^^}^, Ir-g-^^ ^^^>7ll ^^11- ^^M^ 

^ -^^^<=>] 2.5 ol^>^;>>.l ^-l-B-^^ 42^^ ^ 9X^. ^^^^ 7l 

^^^^ #^^1 7l^^>^^ 1-^21 ^f^fl^S ojAj-O.^ wVuV^ 7><li5Voi 7l^^^^ # 

<29> 7l^^-^^*^S^ ^^l^^o.^. A>ol^^^>;H^(cyclodextrin) ^ -n-:£^l . 

l-Bl7l-HS.el--g-(polycaprolactone) ^ US] ^S.^ -^^ <^1S. # ^ 9X^^ , '^]'=>\] tb^^^^l ^ 
Jl ^efl<^l 7l^^>^^#^S. ^-g-7>^^V ^ S-S. A>-g-^ =^ $icf. 7l^^^^ 

^7>£l^ ^4- ^ ^^^^1 ^^1 ^7fl<Hl 1-70 ^^%7> ^ 

<30> ^V71 ^Sl^i- ^7l-§-Di]s^ ^^(hexane) ^l^J"^ ^sl-^^ -S-afl 

(aliphatic hydrocarbon solvent); ^^'VM^Canisol ) , ^^(mesitylene) , ^]-^^(xylene) ^ 
^ "J-^^ ^^4^^ (aromatic hydrocarbon solvent); ^lii^-^-^ 7^1B(methyl 
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isobutyl ketone), l-°fl^-2-5i)#e|ti|ie(l-methyl-2-pyrrolidinone) , ^^Hl-g-C acetone) ^] 
^^1 -g-Dfl(ketone-based solvent); ^I^^^a].^ (cyclohexanone) , HflH2l-^l:^S.^?i!: 
(tetrahydrofuran), c>liiiH.S.^ <H1 tfl s.(isopropyl ether) -f-S] ofltfls.;^] -g-nl|( ether-based 
solvent); ^>HlEfl<^lH (ethyl acetate), <iHlell«^lH( butyl acetate). HS.^^ "l-el 

# ^]^^ oH]tfl^l:S(propylene glycol methyl ether acetate) -f-^ <5Hltfl<^lH7ll -g-nfl 

(acetate-based solvent); ^S-i-(isopropyl alcohol), "y:S#(butyl 

alcohol) -g-ffl (alcohol-based solvent); t:lT3il^o>/flEo].Dl = 

(dimethylacetamide), T^till^i#«>>Dl ^(dimethyl formamide) <^1-t31:^7^1 -g-nfl; ^51^7^1 ^ 

nfl (silicon-based solvent); ^\-%-^ 9X^. 

^>^el], i3].^3i^]-7ll^ S^-g- ^ 20-99.9 ^%=%, wj-^^isl-Tll^ 70~95^^%5] 

Dflofl ^^^1 ^3.^, 99.9 ^^%* ^3l-*>^ ^-T- 1000 A ^Tfl ^^^3^^ 

<32> 71:^:011 ^^^VtII ^^]^ S.^^}7] ^th r^i^S^(spin coating), ^^^(dip 

coating), ^-t--S^ (spray coat ing) , (flow coat ing) , ^3.^ (screen printing) 
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<34> ^A\d\] 1 : S-i^^ 

<35> ^AHl 1-1 : (Cyclic) ^S^l ^^>t>;^ 3.h:.^a) 
(j:H3 

rE-f 

CH2(CH2)Si(OCHs)3 

<37> 2.4,6, 8-tfl:se1-^l €-2 .4,6, 8-Efl He^-ti] ^^1 SStfl ^ e^-^^^ 

(2,4,6,8-tetramethyl-2,4,6,8-tetravinylcyclotetrasiloxane) 29.014mmol(10.0g)^ 3.^^ 

(plat inuni(0)-l,3-divinyl-l, 1,3,3-tetramethyldisi loxane complexCsolut ion in xylene)) 
0.164g^ l-sl-^a<^l ^^atl: ^, ^'=>\]^ <^]^^ SOOmll- o]^ ^£1- -78°C 

S. ^, H5l#S.S^^ 127.66mmol(17.29g)^ ^i^i-arl 7>^ c]-^. «]:-§-^£» 

^s. ^i-^^l^cf. >a-^oilAi 20^1^ ^, o.i£= ^<a-*Hl^i ^^-^^ 

100 ml# 7>«}: cf^, l^l^V ^e^-o] e (eel ite)# ^Bi^^> 

<^^]^^Q] ^^1- [-Si(CH3)(CH2CH2SiCl3)0-]4* 95%2l -^^ii^. o] 

11.28mmol(10.0g)* tfl^el-sl^S.^^ 500mlS ^^^]^]JL, Be1<^l^o].Dl (triethylamine) 
136.71mmol(13.83g)^ ^7}^SX^. '^]^ -78t;S- ^, t^l^tl" 136.71iiimol 

(4.38g)^ ^^^^^] 7}^jL, ^-§-^s» AiA^-si ^i-^^/>^i ^^oii>H is^m ^-§- 

^ ^sjA]^ :f , ^2l-olH(celite)# ^«fl ^E^^srl-Jl, 0.1^=. ^^S.^ ^SJ-^Hl^i * 
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^l^^V^cf. <=^yM 100ml* 7}^\JL, lA]^ jutiV ^ ^el-olE(celite)l- 

^tt (activated carbon) 5g* ^JL 10^1 ^ Jil«]:t!: ^ ^^^^^l-^i^. °1 

hL^% CDCla^Hl ^cx^ NMR* ^^t!: <^l-efl^4 

iH NMR( 300MHz ) data : 6 0.09(s, 12H, 4>CH3), 0.52~0.64(m, 16H, 4>CH2CH2-), 
3.58(s, 36H, 4K0CH3J3) 



<39> 0^1 1-2 : ^g^-a-;^! SLh:.^ (B) 

<40> 

(j^Hs CHa 
CH,0 — Si — O — Si — OCH, 

<4i> l,3-i=1-l-S.S.BflBel-nll€^^^^(l,3-dichlorotetramethyldisiloxane) 

249.208mraol(10.0g)* #el-^a.<^l 500ml* s\^X\^x:]., 

<^1^ -7S'CS. ^, Hel<Hl^o>ini I08.212mmol(10.95g)* ^7>tb ^fl^'^:* 

107.990mmol(3.46g)* A-lA^-ar] 7}^}JL, ^-g-^S.* a^a-I*] ^^;7>^1 ^V^aI^i^-. ^^oflA^ 15 

^j^l^V^cf. c^7lcHl looml* 7]-3r>j7, ix\^ jEav^ ^, ^e1-<^lH» -f-^ ^E^^^> 

Jl, 0.1S.S ^£2] ^-a-^Hl-^i n^4r ^l7l*H ^-^-^^ "^fl^l* ^^^^(simple 

distillation)*>«^ ^^1 2.i^i^ (B)» >ll2:§>^t:f. ^a^^ Si^n^* CDCls*^! NMR 

* ^^^^V <=>M^ 
<^2> iH NMR(300MHz) data : 5 0.068(s, 12H, 4>CH3), 3.45(s. 6H, 2>0CH3) 
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<43>^Al<:^l 1-3 ; 3.}x.T^ (C) 

<44> 

(^Ha CHa (pHs 

CH,0 — Si — O— Si — O — Si— OCH, 

I I JL 

OFIs OH3 OPis 

(1,5-dichlorohexaraethyltrisiloxane)^ ^>-§-^>fe ^1^1*>JL^ ^7] ^>^1<^1 1-25^1- 
yj-^^S. CDC13<^1 NMR ^^tb <^>2fl^2]- ^i=f. 

<46> iH NMR(300MHz) data : 6 0.068(s, 12H, 4>CH3), 0.077(s, 3H, -CH3), 3.44(s, 6H, 2x 

OCH3) 

<47> ^A] <m 1-4 : Si^o] (D) 

<48> 

(j^Ha CH3 CHa CHa 

CH,0 — Si — 0 — Si —O — Si — 0 — Si —OCH, 



Ahs Ahs Ahs ins 

<49> l,3-t:1#S.^BflH2^-i^]^i:l^^^ T:fl-<;d<^l 1.7-c]#S.S.^El-nil^EflHB|-^^^ 

(1,7-dichlorooctamethyltetrasiloxane)^ ^>-g-^ ^1^*>J1^ ^7] ^^1<^1 l-2S!l- ^"^^ 
iJ-'g^S. ^IS^V^cf. S-i^ol'l- CDCl3<^l NMR ^^t!: <^>2flS!l- ^cf. 

IH NMR(300MHz) data : 6 0.068(s, 24H, 8>CH3). 3.45(s, 6H. 2>0CH3) 



<5i>^Al<:^l 1-5 : S.h:Lv] (E) 
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<52> 



Ha CHa 

CHsO — Si — O— Si —OCH, 

I I 

OCH, OCH, 



<53> 



Alzin> ^^^El^l (^)<H1A^ ^^d^><^ A>-g-^>^t:f. 



<54> ^Alc^l 2 : 

<55> ^l2:c^loflA^ <go:|^ (Cyclic) ^^^Tj] 3.h^^ (A)^ (Linear) ^^^Tfl 

(B), (C), (D) ^ (E) ^ 31-14^ l-2l-^a.<^l ^JL, # S-hL^S] 15«fl ^:£S] 

-78°Cofl^i ^^(HC1)4 ^Jl, w]:-§-7l ^£1- 70 "C^ ^^^^^ ^. ^V-S-^ 20 

t!: <y=^ ^^]^<^]^]]^s>\- ^]]^^^]^S.^^■^ ^7}t}jL, ^ -g-nfls^ i/ioafl 7]-^5] #5. SSj 1ii 
o] ^ ^-y- ^Hl^i fl^^^^ 1-^^ ^ITI^H ^'t ^^^m "^^1=1-. ^1-71^ 

# 7l^ol o.2unitl *^l-g-*H T^l^iltb ^ 7lE]- o]'^^^ ;^l7l*H ¥^-^ -g-^-¥-^^> 

-g-«3fl)^ ^eltb ^. 0~20°C. 0.1S= *Hl^i lO^ltb ^B^^i ^ 

^^1^. ,^oJc|-. Z^-Z^-o^ ^^^1 ^A^o)] AV-g-^ £2^1^, AV^nfl, 1- ^ ^^-^-^1 

<56> 
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IK 11 



s -1 U 


S.hL^ (mmol) 


nL/ 1 
v^minoi ; 


(mmol) 




(A) 


B) 


V. V ^ 

(C) 


? V H 
(D) 


(E) 




o , 1 


ID . *tOU 








n 1 1 A 
U. IIU 


olU 


4.o5 




15.450 


15.450 










721 


Q 70 


(c) 


11.998 


5.142 








0.145 


514 


6.85 


(d) 


11.998 




5.142 






0.145 


514 


6.70 


(e) 


11.998 






5.142 




0.145 


514 


7.55 


(f) 


11.998 






5.142 




0.145 


857 


7.60 


(g) 


11.998 






5.142 




1.450 


514 


7.85 


(h) 


11.998 






5.142 




0.101 


514 


7.80 


(i) 


11.998 






5.142 




0.080 


514 


7.10 


(j) 


11.998 






5.142 




0.048 


514 


6.35 


(k) 


9.599 








22.397 


0.102 


627 


7.53 


(1) 


7.199 








28.796 


0.101 


617 


7.56 


(m) 


4.799 








43.194 


0.115 


705 


7.71 



<57> ^A] 6fl 3 : ^^1 

<58> ^Alc^l 2<^]^^ ^^'^n] ^^1^ Si-OH Si-OCHs Si-CHs ^^^^1^ 

3r>7l a 23> ^c]-. 

<59> [X 2] 





iii-OH 




SI-CH3 




(%) 


(%) 


(%) 


(a) 


6.2 


0.3 


93.5 


(b) 


14.3 


0.5 


85.1 


(c) 


28.6 


0.7 


70.7 


(d) 


30.6 


1.0 


68.4 


(e) 


28.1 


0.9 


71.0 


(f) 


29.9 


0.6 


69.5 


(g) 


18.3 


0.7 


81.0 


(h) 


32.4 


0.9 


66.7 


(i) 


33.3 


1.0 


65.7 


(j) 


41.2 


1.4 


57.4 


(k) 


33.2 


1.8 


65.0 


(I) 


32.1 


1.5 


66.4 


(m) 


27.3 


1.5 


71.2 
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<60> ^ Si-OH f-^, Si-OCHs Si-CHs ^;^]-7l^^^^ 7] (NMR, Brukerth)* ^>-g-sl- 

^>7l ^oil lcl-^^- :^l<L>^>^cf. 
<6i> • Si-OH(%)=Area(Si-OH) -^Area(Si-0H)+Area(Si-0CH3)/3+Area(Si-CH3)/3] >i00 
<62> . Si-OCH3(%)=Area(Si-0CH3)/3^Area(Si-OH)+Area(Si-0CH3)/3+Area(Si-CH3)/3] >100 
<63> • Si-CH3(%)=Area(Si-CH3)/34Area(Si-0H)+Area(Si-0CH3)/3+Area(Si-CH 3)/3] >400 



<64> ^AHl 4 : ^^^^1 ^ 

1-^^ ^H^-7l:i[2.3,6-:^e|-^l^^l]-«flHl~A>olHS^^:&^ 
(heptakis[2,3,6-tri-0-methyl]-p-cyclodextrin)* ^}7] 5. 34 -T-7ll«lS. ^^^fjL, -g- 
DflS-^i ^S.^^ <^HlEfl«^lB (propylene glycol methyl ether acetate)* 

^^1 ^^^1-^ 25 #^%7> *>^^. S^^*^ 3000RPM-^S. 

30^^> ^o]^ ^ofl *>^t^. ^, 7l^^ ^^7] 

^ ^^#efl<^lH(hot plate)'^l^i lOOr^l^i 1^^. 250°Coll^i l^^V 7><i^H ^7l-§-t'm- 

^]^^}SX^. =L ^ ^^7lofl^i 3°C^^ 420t:^'H ^, 420°C<^lAi 1^1^^ 

^IStb ^^^^ ^^^1 (thickness) ^ #^l-(refractive index)^ ojnfl 
wvuvo^ ^711^ HS.s)-'as](profilometer)l- <^l-§-*><^ 5^1 ^^^}<^ ^^^^ #1*>JI, ^^^^ 
H5^# Tl^eil- ol-g-§>c^ 5^1 ^^^^}<^ ^^^^ Stir ^^1 ^ 

(uniformity)^ ^flols?!^ 5 ^1^^ ^ ^}<=>]S. 
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<66> is. 3] 







^^^^ 


^ >H -H- ^ QJ tp 

\7DJ 




a) S J. 1 >- -7I ^ 

5 
'I I 


s -1 uT 


-7I TT 7y xA 
13 -zl rtl •ss'l.:33- 

(^^%) 


(a) 


100 




9647 


1 . 4056 


0.074 


2.09 


(a) 


70 


30 


8946 


1.3614 


0. 158 


1.53 


(b) 


100 




11665 


1 . 4204 


0.049 


0.45 


(b) 


70 


30 


9283 


1 . 3412 


0.037 


1 AA 

1.99 


(c) 


100 




10193 


1 . 4299 


0.031 


0.62 


(c) 


70 


30 


0000 
8983 


1 . 3298 


0.105 


1 .81 


(d) 


100 




11131 


1 . 4355 


0.010 


0.45 


(d) 


70 


30 


10075 


1.3278 


0. 196 


1. 10 


(e) 


100 




10289 


1 . 4395 


0.052 


2.56 


(e) 


70 


30 


9604 


1.3202 


0.216 


2.34 


(f ) 


100 




12051 


1 . 4358 


0.081 


1.23 


(f) 


70 


30 


7540 


1 . 3290 


0. 107 


1.57 


(g) 


100 




13453 


1 . 4207 


0.047 


0.92 




/u 


oU 


8829 


1 . 3385 


0, 089 


1 .04 


(h) 


100 








n 09*^ 

u . u^o 


1 . 00 


(h) 


70 


30 


9739 


1.3225 


0.059 


1.97 


(i) 


100 




11513 


1.4403 


0.072 


2.52 


(i) 


70 


30 


8508 


1.3217 


0.126 


1.48 


(j) 


100 




12485 


1.4454 


0.032 


0.72 


(j) 


70 


30 


9787 


1.3170 


0.089 


0.91 


(k) 


100 




10138 


1.4249 


0.081 


1.31 


(k) 


70 


30 


9387 


1.3128 


0.031 


1.02 


(1) 


100 




7681 


1.4190 


0.076 


1.30 


(1) 


70 


30 


7499 


1.3065 


0.030 


0.94 


(m) 


100 




8245 


1.4086 


0.082 


1.05 


(m) 


70 


30 


7958 


1.3206 


0.028 


0.75 



<67>^Alc^l 5 : -^^^(dielectric constant) 



<68> t^^^ wVD].o^ -e-^^* ^^*>7l :y.^(boron)-^S. PBl-<a^ 

^ ^■ll<^l3il ^ofl 3000A ^S.^ 4^<^l D)]^ ojtiilieflolEl (metal 

evaporator )S ^lE)--^ 100 A, ^^^1^ 2000 A, b^e^-^ wi-bI- 100 A * ^^htb 
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i^-V^H-Chard mask)* ^^l-g-^l-^^ 1mm ^11-^ lOOA, '^t^t^'I-b- 

5000 ^^^}^ MIMCmetal-insulator-metaO^SSl -B-^^ "^"^^ ^^^*>^ 

4. ^'■^^ Probe station(micromanipulatior 6200 probe station)^! 

PRECISION LCR METER (HP4284A)# ol-g-^V^^ lOOKHz^ ^4T^<^l^i ^ ^-g-^(capacitance)# ^■ 
-H-^^-a- ^1^>*>71 ^n^^ ^^11- H5l^^#e.^^ ^^^t}c^ Tj] 

<69> k = CWeo>A 

<70> k : -H-^^ (dielectric ratio) 

<7i> C : ^^^-§-^ (Capacitance) 

<72> A : ^ig^ 

<73> ^"^^ (Dielectric constant) 

<75> 
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IS. 4] 

















(^^%) 


(^^%) 




(a) 


100 




2.83 


(a) 


70 


30 


2.67 


(b) 


100 




2.72 


(b) 


70 


30 


2.2o 


(c) 


100 




Z . 74 


(c) 


70 


30 


o ot 
^ . o7 


/ 1 \ 

(d) 


100 




O TO 

1 . 79 


(d) 


70 


30 


^ .25 


(e) 


100 




O '71 

2 . 71 


(e) 


70 


30 


2. 17 


(f) 


100 




2.78 


(f) 


70 


30 


2. 19 


(g) 


100 




2.80 


yg) 




oV 


o oo 

2,28 


(h) 


100 






(h) 


70 


30 


2.21 


(i) 


100 




2.81 


(i) 


70 


30 


2.20 


(j) 


100 




2.66 


(j) 


70 


30 


2.10 


(k) 


100 




2.76 


(k) 


70 


30 


2.26 


(1) 


100 




2.75 


(1) 


70 . 


30 


2.26 


(m) 


100 




2.71 


(tn) 


70 


30 


2.20 



<76>^A]<^1 6 : ^£(hardness)5J)- (modulus) 

<77> ^Ajc^l 4^]A^ ^IS^ ^>^-<^lAi MTS^V^ M-ii<y^dlEKnanoindenter) II* ^^l-g-^V'^ 

^ ^£(hardness)^ 2-1: (modulus)* ^^*V^4. z]- ^«l-oll tH^H ^Aisr>7l 
^«fl 6 ^l^(point)» 'a-^( indent )*H ^^^^ ^l^ar^H S. 5<^1 i^^l-i^^^. 
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<78> is. 51 











(^^%) 




CGPa; 


/on ^ 

(GPa) 


(a) 


100 




0.40 


2.47 


(a) 


70 


30 


0,27 


2.06 


(b) 


100 




0.59 


3,62 


(b) 


70 


30 


0.39 


2.46 


(c) 


100 




1.00 


5.33 


(c) 


70 


30 


0.51 


2.84 


(d) 


100 




0.97 


5.44 


(d) 


70 


30 


0.44 


2.57 


(e) 


100 




1. 19 


6.27 


(e) 


70 


30 


0.48 


2.70 


(f) 


100 




1. 12 


6.01 


(f) 


70 


30 


0.52 


3.18 


(g) 


100 




0.70 


3.97 


Cg) 


'7A 
/U 




0.37 


2.60 


(h) 


100 




1 OA 


D . /Z 


(h) 


70 


30 


0.47 


2.93 


(i) 


100 




1.25 


6.58 


(i) 


70 


30 


0.48 


2.98 


(j) 


100 




1.33 


6.97 • 


(j) 


70 


30 


0.50 


3.00 


(k) 


100 




1.15 


6.33 


(k) 


70 


30 


0.40 


2.51 


(1) 


100 




1.11 


5.94 


(1) 


70 


30 


0.39 


2.78 


(m) 


100 




1.04 


5.50 


(m) 


70 


30 


0.36 


2.46 
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1020030035276 
1] 

7>^^sfl ^ ^ISS)^ ^^^:^] ^^]. 

[ s^-Sh^ 1] 




^V7l ^cHlAi R^o^ ^:5i€;^>, Ci~C3^ <^^^7l C6~Ci5^ c^V^yjoj^L. Xi, X2, Xg^ 

z^-z]- =-^a^o.s. Ci~C3^ '3:^71, Ci~ Cio^ 'a:^^l7l, ^s.:S1^;^>Sa-i , ^^7] Xi, X2, 
X3 ^ ^<^S. 7}^^n7}^^ ^^7]o]T^^ 0-10^ 3-8^ 

[^*|-^ 2] 



X, — Si — 0 

I 

Y, 



f 

Si 

I 



-- Si— o ■- 



f 

Si— X4 
I 

Y, 



^7l ^o\]^^ S-^^jOS. ^:5i^A]-, Ci-Cs^ 'a:^7l C6~Ci5^ <^>€7lol 

^, X4^ Ci~Cio^ 'a:^^l7loiT^, Yi^ Ci~ Ca^ <y:^7l Ci-Cio^ o^^.^] 7] o] ji , 0 
£^ 1-10^1 ^j^olcf. 
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[^^%^- 2] 

^1 l^'^l ^^^i, ^^7] 19] iic^lsq- s^^^ 29\ S.iiT^5] l-ti]7> l:99~ 

99:1"?] *]-^ ^-^-t]:^! ^^1. 

31 

^1 l-^J-^^l SZ^H^i, ^7] ^ #nfl7> ^-ttChydrochloric acid), ^-arCnitric 

acid), 1^1^ #-S-^(benzene sulfonic acid), -^^^^(oxalic acid), 3E.#^(formic acid), 
^^-^r^^^^C potassium hydroxide), ^^yrsmH^C sodium hydroxide), BB^ofl^o]-!^ 
(triethylamine), l}^T^iiiM-H#( sodium bicarbonate) slBl^j (pyridine)^ 

l^^^^ 4] 

^1 l^M S.bz.^Si^ A> <g7l M.^]7} 1:0.000001- 1:10^1 

[^^^*o^ 5] 

^1 1^^<H1 SZ^^-I, ^1-7] #2] #ti]7]- l:l~l:1000S^ i^^o] ^^o_S. t}^ 

^1 1-%H1 ^7] ^ 71-^^sl] ^-g-o] 0~200t:<^l>«>i 0.1-100 A]:^ 
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8] 

^1 l^M ^^^i, ^^1^ ^^1-^<^1 3,000-300.000^ ^^7]- 

9] 

10] 

[^^^^J- 11] 

^1 9*j-<^l SlolA-l, >^7l 71^ ^^^#^0] ^^Bfl(cyclodextrin), 
(polycaprolactone) SE^ us] -^£^1^ ^^i-^S. aV^^l ^^b]-o^ ^^^^j-'S. 

12] 

^1 9%H1 ^I'H^i, -B-7l-§-nflS^ ^iwj-^ ^5)-^^ -i-nfl. ^^^^ -g-nfl, 711 

^^1 oflEfl^Tll -§-"11, <^HlEfl<=lH:^l -g-nll. -g-nfl, o>t7i^;^i ^ofl, ^ei^^i ^nfl 
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V 
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13] 

Cflsfl 20-99.9 'g^<Hl^i ^>-g-5l^ ^^1-^^ ^£^1 ^ 

[^^1]- 14] 

15] 

^1 9%H1 9X<^^^, ^7] <i ;gSl-7> ISO-eOO'C^l^i 1-150^ -§-<?> ^^lo. 
16] 

l^J^^J- 17] 
[^^^«c^ 18] 

^1 16%H1 ^^A^, ^7] 7]^ ^^^^^S. ^^H^(cyclodextrin), l-5l7>HS.§^€- 
(polycaprolactone) JE^ -^Z^]7} a>-§-^ ^^-^S a}-:£^] ^<^^. 
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